Summary &horbar; To validate a method for analysing indigestible marker excretion patterns in terms of digesta passage, the mean retention time (MRT) of long hay, ground hay and concentrate, marked, respectively, with thulium, ytterbium and dysprosium was measured in the total digestive tract (TMRT) and in the stomachs (SMRT) of four cows fed on a diet of hay in the long form (17.7 kg DM/day). The MRT of the particulate and liquid phases in the intestines was obtained after faecal particles labelled by Europium and Chromium-EDTA were pulse dosed through the duodenal cannula. Following test meals, total faecal collection and spot sampling of duodenal digesta were performed at fixed intervals. TMRT were 51.7, 45.6, 40.6 h and SMRT were 39.5, 31.9 and 28.0 h, respectively, for hay, ground hay and concentrate. The MRT of the liquids in the rumen (8.7 h) was shorter than the SMRT of particles but there was no differential passage between liquids and particles after the duodenum. Intestinal MRT averaged 11 h and was partitioned into 7.5 and 3.5, respectively, for MRT in the tubular sections and the caecum-proximal colon. The compartmental analysis of the faecal patterns of markers given during a test meal gives the following results. The time associated with the descending part of faecal kinetics (respectively, 25.3 and 22.9 h for hay and concentrate) is directly related to the escape of feed particles from the rumen. The delay of first appearance of markers mostly reflects transit in the post duodenal tubular sections for the concentrate. The time associated with the ascending part (respectively, 16.9 and 9.4 h for hay and concentrate) represents the time required to reduce the size of the forage particles (7 h 
tively, for hay, ground hay and concentrate. The MRT of the liquids in the rumen (8.7 h) was shorter than the SMRT of particles but there was no differential passage between liquids and particles after the duodenum. Intestinal MRT averaged 11 h and was partitioned into 7.5 and 3.5, respectively, for MRT in the tubular sections and the caecum-proximal colon. The compartmental analysis of the faecal patterns of markers given during a test meal gives the following results. The time associated with the descending part of faecal kinetics (respectively, 25.3 and 22 .9 h for hay and concentrate) is directly related to the escape of feed particles from the rumen. The delay of first appearance of markers mostly reflects transit in the post duodenal tubular sections for the concentrate. The time associated with the ascending part (respectively, 16.9 and 9.4 h for hay and concentrate) represents the time required to reduce the size of the forage particles (7 h according to the difference between TMRT of long and ground hay direct measurements) and caecal mixing (3.5 h) (Faichney and Griffiths, 1978; Milne et al, 1978) time-independent compartments separated by tubular segments. Dhanoa et al ( 1985) proposed to describe the digesta flow along the GI tract by a multi compartmental process with two major compartments and a series of segmental mixing compartments each having a very low MRT. A family of models using gamma age dependency in the first compartment was also proposed Quiroz et al, 1988) because it generally improved the quality of curve fitting (Quiroz et al, 1988) .
However, difficulties have sometimes been encountered in fitting the compartmental models (Ellis et al, 1979; Milne et al, 1978; Dhanoa et al, 1985; Mambrini, 1990; Lall!s et al, 1991 (Faichney and Boston, 1983 ). In their model, Pond et al (1988) considered that the reduction of particle size within and outflowing from the rumen was the major factor but they did not make reference to the anatomical compartments. Finally, all these models assume that the flow of digesta is continuous throughout the GI tract, which is obviously not correct since defecation occurs at discrete times.
The present study was designed: 1 ) to gain knowledge concerning the MRT of feed particles and liquids in the whole GI tract or an anatomical section of it and on the MRT required for forage particle size reduction (Poppi et al, 1981) ; 2) to test a simple mathematical treatment of the faecal excretion curve that would be less sensitive to the initial data and to the discontinuity of defecation than the models currently used; 3) to attribute physiological significance to the two compartments and to the delay generated by calculations. Preliminary results of this work have been published (Peyraud and Mambrini, 1992 6, 10, 12, 16, 20, 24, 28, 32, 36, 48, 54, Compartmental analysis of faecal and duodenal passage curves was performed by a simple graphical method derived from that proposed by Uden (1984) . Natural (Coleman et al, 1984; Faichney et al, 1989) . Rare earth elements have been criticised because they may migrate from the labelled feed particles (Combs et al, 1992) . In this study, particles were labelled using a competitive procedure (Ellis and Beever, 1984 (Kennedy, 1985) . The TMRT and SMRT of Yb-GH were on average 4.5 h longer than the TMRT and SMRT of Dy-C. The critical size theory (Poppi et al, 1981) divides the rumen particles into two pools: a large particle pool, which cannot pass out of the rumen and a small particle pool, which can flow out of the rumen. When estimating the time necessary to reduce particle size from the difference between fed hay and ground hay TMRT, we assume that ground hay particles belong to the small particle pool and that their behaviour is similar to that of particles arising from the mastication of the long marked hay. But a further size reduction for ground hay can not be excluded. Grenet (1970) and Dixon and Milligan (1985) reported that small particles (< 0.6 mm) accounted for half of the faecal particles in steers fed with long hay. Shaver et al (1988) demonstrated that ground hay was ruminated by dairy cows at a rate of 20 min/kg DM, ie, 5.5 h for an intake level similar to that of our animals. In addition, specific gravity has been shown to be an important physical criterion influencing passage (Ehle and Stem, 1986) and differences in functional specific gravity between ground hay and concentrate should not be excluded. Because of a much faster rate of fermentation, the density of particles may increase more rapidly for concentrate than for forage particles. (Prange et al, 1982) . The observed difference between liquid and particulate transit is lower than the one reported for sheep (1.5 to 2.5 times; Faichney, 1975b; Poncet et al, 1986) . Sheep spend a longer time chewing than do cows (Carle and Dulphy, 1980) and the amount of small particles, which absorb water, is greater in the swallowed bolus of sheep (Michalet-Doreau et al, 1992) . The rumen contents are consequently more stratified in cows than in sheep (Poppi et al, 1981 ) (Faichney and Boston, 1983) , cattle (Huhtanen and Kukkonen, 1995) and cow (Van Bruchem et al, 1981 These values appear to be lower than those obtained for sheep (22 h on average; Coombe and Kay, 1965; Faichney, 1975b) . This could be explained either by differences in the gut architecture between the two species (namely the caecum) or by the higher intake level of cows. It was shown in dairy cows that intestinal MRT decreases from 20 h in cows given 6.5 kg DM to 8 h when DM intake increases to 23.7 kg DM per day (Poore et al, 1991 (Faichney and Boston, 1983 ). This does not appear to be the case for dairy cows (Mambrini, 1990; Mambrini and Peyraud, 1994 
